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the student in a timely manner. The ability to provide instant feedback is one of the major advantages of online
quizzes using multiple choice questions (MCQs). There are mixed attitudes towards MCQs within academia.
For each attribute of MCQs, research can be found to both support and condemn it. Feedback from MCQs is
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ABSTRACT
Instructional videos have been successfully used to teach mathematical concepts to distance
students. These videos allow the students to see and hear their lecturer with an added
advantage of being able to stop and rewind or replay until the concept is understood. While
videos facilitate student understanding, formative assessment provides both lecturer and
student with an indication of the latter’s mastery of a mathematical concept.
Formative assessment with handwritten feedback is viewed as preferential because
changing university culture means few academics have the time to provide comprehensive
handwritten feedback to large numbers of students for every concept. Further, for this
feedback to be useful it needs to be delivered to the student in a timely manner. The
ability to provide instant feedback is one of the major advantages of online quizzes using
multiple choice questions (MCQs).
There are mixed attitudes towards MCQs within academia. For each attribute of
MCQs, research can be found to both support and condemn it. Feedback from MCQs is
undoubtedly fast but is it effective? Using video enhanced feedback for online quizzes
may provide the best of both worlds.
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Universities around the world have
undergone changes in their identities
and roles; education has become an
internationalised, global commodity, with
reduced government funding and increased
emphasis on market driven university
funding (Parker, 2011). The 2015-2016
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Australian Federal Budget (Australian
Government, 2015) facilitates further
commercialisation of Australian universities
by removing the cap on student fees and
decreasing the government’s contribution
for government supported students.
The Australian Government is
encouraging universities to increase their
enrolments and admit greater numbers of
non-traditional students (Gillard, 2009).
As a result, Australian universities have
relaxed their entry requirements, reducing
the necessity for high school students
to complete traditional science subjects
(Lyons & Quinn, 2010). The Australian
Academy of Science identifies these
changes as ‘one of the key contributors to
declines in mathematics enrolments at the
senior high school level’ (Lyons & Quinn,
2010, p. 109). Students are completing high
school unprepared for their tertiary studies,
increasing the burden on universities to
provide bridging and remedial courses
(Falkiner, 2012) or provide extra academic
assistance.
This goes against the perception that
a university’s ‘purpose is not to transfer
knowledge but to create environments and
experiences that bring students to discover
and construct knowledge for themselves,
to make students members of communities
of learners that make discoveries and solve
problems’ (Barr & Tagg, 1995, p. 13). When
students enter undergraduate programmes
without the assumed knowledge, learning
is affected. Given that learning is ‘a planned
process to modify attitude, knowledge or
skill behavior through learning experience
42

to achieve performance in an activity or
range of activities’ (Hargreaves & Jarvis,
1998, p. 53) it is important that students can
identify gaps in their assumed knowledge to
plan this process for themselves. Diagnostic
tests and formative assessment can alert
students to gaps in their mathematical
knowledge or comprehension.
Multiple Choice Questions (MCQs)
are able to provide quick feedback to
students, though this is often limited to an
indication of the answer being correct or
not. Combining MCQs and proven forms
of feedback can provide students with
quality feedback immediately.
LITERATURE REVIEW
Assessment and Feedback
Assessment and feedback are vital
components of learning and teaching - it
could be stated that assessment is the corner
stone of education. It prepares the student
for the next task and creates confidence
that tasks are achievable (Boud, 2000).
Assessment should not be so difficult
that the student becomes discouraged but
should still maintain a certain amount of
complexity (Boud, 2000) while testing
acquired knowledge.
Formative
assessment
is
any
assessment that is used to acquire
information for the purpose of adjusting
learning and teaching (Killen, 2005). This
form of assessment provides students with
a chance to reflect on feedback with the
knowledge that it will improve their chance
of achieving a better grade (Tait, 2005).
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Distance students and their lecturers gain
valuable insight into the former’s level of
understanding, highlighting any need for
assistance. ‘The importance of feedback
provided through formative assessment is
not only an important part of the learning
process but is also reciprocal’ (Dekkers,
Adams, & Elliott, 2011, p. 4). Formative
assessment has the ability to improve
students’ confidence and their ability to
learn (Boud, 2000) by giving them feedback
and the opportunity to improve. It is well
accepted that formative assessment and the
associated feedback, guides the learning
process, provides students with feedback
vital for assurance or correction and
encourages self-directed learning (Rolfe &
McPherson, 1995; Rushton, 2005; Fletcher
& Shaw, 2012).
Self-assessment is the means by which
the student or the learner determines,
through their own means, whether or not
they have grasped the concept or the task
being learnt. It is an important part of
becoming a successful student. Students
who are capable self-assessors experience
favourable learning and internal motivation
(Athanasou & Lamprianou, 2002). The
acquisition of self-assessment skills not
only improves learning in a particular
subject but also establishes the foundation
for lifelong learning (McDonald & Boud,
2003).
A study examining students seeking
mathematics assistance found 52% (23/44)
did so because they recognised their
failure to comprehend a concept, topic or
problem in a lecture, tutorial or in their

textbook (Adams, Hayes, Dekkers, Elliott,
& Atherton, 2012, p. 28). Accurate selfassessment is especially crucial in higher
education, though several factors limit the
student’s ability to accurately self-assess
(Dunning, Heath, & Suls, 2004). These
factors are:
• Information deficits — the lack of
knowledge or expertise to accurately
assess competence.
• Unknown errors of omission — the
inability to recognise knowledge gaps.
• Information neglect — the failure to take
into account information that is at hand.
Students that are not effective selfassessors face impediments in learning
and performing well on other assessments
which also hinder their ability to cope with
change (Boud, 2000, 2007). Formative
assessment in the form of diagnostic tests
may be one way to assist students to selfassess and determine any knowledge gaps
that they may have.
The gaps between students’ present
knowledge and required knowledge can
be lessened or closed through formative
assessments (Boston, 2002). For formative
assessment to be effective, a minimal
turn-around time is required to correct
students’ fundamental errors prior to them
commencing subsequent topics, which
are built on mathematical knowledge.
Timely feedback is important in the
student’s learning process (Irons, 2007) as
it can strengthen correct understanding and
encourage long-term recollection (Smith
& Kimball, 2010) as well as correct errors.
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Students are motivated by detailed feedback
but are less satisfied when the feedback is
generic (Malau-Aduli, Assenheimer, ChoiLundberg, & Zimitat, 2013). Quality of
the feedback is central to learning (Sadler,
1998). Quality, timely feedback is required
to assist self-directed learning (PillingCormick, 1997) and it has been suggested
that regardless of the sophistication of the
feedback system associated with the use
of technology, it is unable to provide the
personalized feedback required by students
(Siozos, Palaigeorgiou, Triantafyllakos, &
Despotakis, 2009). It is important then that
the use of technology in education benefits
both student and lecturer.
Technology in Education
Technology is now increasingly used
to make higher education accessible to
students (Shea, Pickett, & Li, 2005). It
is changing the way students learn and
study as well as the way they interact with
educational institutions. In fact, students
now expect that electronic materials will be
available for their subjects via the internet
(Golden & Lee, 2007). ‘One vision of the
future of universities is that virtualization
and remote working technologies will
enable us to study at any university in the
world, from home’ (MacKeogh & Fox,
2009, p. 147). Distance study is moving into
the mainstream of higher education, with
increases in technological development
causing rapid expansion during the past
decade (Harry, John, & Keegan, 2013).
The use of Information communication
technologies (ICTs) has increased across
44

every facet of our lives. This has resulted
in universities adopting online learning
environments as a means of delivering
subjects (Fleming, 2010). ‘Improving the
quality of learning is no light undertaking
and does not happen just because teaching
goes online. A high-quality learning
system with real potential for improving
student performance would entail a
quite substantial investment - human,
intellectual, financial…’ (Skilbeck, 2001, p.
62). This will require ‘lecturers to provide
the interface between the ‘educational
technology’ of the learning and teaching
environment and the ‘technological
literacy’ demands of society’ (Dekkers,
Howard, Adams, & Martin, 2013, p. 165).
Even though integrating technology
into a mathematics classroom results
in improved attitude and increased
engagement with the mathematics, these
positive effects are dependent on how well
the technology is used (Ozel, Yetkiner,
& Capraro, 2008). Within the Australian
context this is hindered by the fact that
mathematics teachers have little experience
with computer-based learning design
(Geiger, Forgasz, Tan, Calder, & Hill,
2012). Despite being taught their subject
matter through the use of technology, many
pre-service teachers have not learnt to teach
with technology and therefore few teachers
feel comfortable including technology in
their teaching (Niess, 2005).
Mobile learning utilises personal
and portable technologies for effective
education (Roschelle & Sharples, 2010).
These technologies are termed ubiquitous
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technologies. They have facilitated the
breaking down of the boundaries in
higher education and enabled eLearning
regardless of location. Technologies that
provide access to asynchronous learning
have fostered anywhere, anytime learning
(Kumar, 2014). It is a concept that predates
the use of ubiquitous technologies (Nyquist,
Arbolino, & Hawes, 1977).
The use of ubiquitous technologies
is encouraged by the use of eLearning
systems at the university level. Universities
now place all of their learning materials,
assessment and support facilities on a
Learning Management System (LMS)
such as Moodle. The LMS provides
students with activities, readings, videos,
recorded lecture videos and accompanying
PowerPoint® slides.

The Tablet PC enables PowerPoint®,
and other programs to be used in a more
interactive way; ‘digital inking’ enables
the user to write on the computer using a
digitiser pen. No attempt is made by the
computer to convert the writing into text
(Figure 1). Combining this ability with
Camtasia®, allows videos to be created
that not only convey the mathematics
concepts and ideas but also the mental
processes involved in problem solving
(Adams, Elliott, & Dekkers, 2010). It is
important that students be able to mentally
plan a sequence of tactical decisions when
forming a strategy for solving equations
(Robson, Abell, & Boustead, 2009). These
videos enable students to experience the
teaching of mathematics as if they were in
a classroom.

Figure 1. Handwritten solutions created using the Tablet PC
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Videos provide more effective learning
and reduced cognitive overload if they
are limited to a maximum of 7 minutes
(Miller, 1994; Adams et al., 2010). To
avoid passive viewing and engage the
students, each video should first present
the topic, demonstrate through examples
and then provide an activity for the student.
The ability to provide digital handwritten
feedback and solutions makes the Tablet
PC an exceptional tool for providing
feedback on assessments.
Technology and Assessment and
Feedback
Technology has been utilised in many ways
for formative assessment and feedback.
It has the ability to remove various
limitations that formerly rendered highquality formative assessment difficult or
impractical (Brown, Hinze, & Pellegrino,
2008). Online formative assessments
can provide teachers and students with
significant educational experiences via
a pedagogical strategy to change the
assessment culture so that diverse learning
needs and equitable education are supported
(Gikandi, Morrow, & Davis, 2011).
The possibility of incorporating
multimedia feedback into assessments
seems only to be limited by the imagination.
Smartphone scanner apps allow students
to scan their work and share it with the
lecturer using Dropbox, providing the
lecturer with instant feedback on the
students’ understanding of the class content
in real time (Herr & Tippens, 2013).
Providing students with audio feedback
46

was found to increase content retention,
increase students’ satisfaction through
personalization and reduce marking time
(Orlando, 2013). Electronic marking has
also been conducted using a Tablet PC
to annotate student assessment. Once
annotated, the assessment is saved as a
Word or PDF document which can be
viewed on any LMS by the student (French,
2007). The Tablet PC allows personalized
handwritten feedback for mathematics to
be provided electronically to all students
(Hayes & Adams, 2009). Handwritten
feedback is preferable to computer
generated marking and comments as it is
more authentic and provides guidance for
a solution. (Harrison, Pidcock, & Ward,
2009). Handwritten solutions have been
found to be more beneficial to student
comprehension than typed solutions
(Jordan, Loch, Lowe, Mestel, & Wilkins,
2012), and instructional videos even more
so (McNamara & Barnett, 2012).
Multiple Choice Questions
Multiple Choice Questions (MCQs) have
been used in assessment since 1914 when
they were designed by Frederick J. Kelly
of the University of Kansas (Mathews,
2006). The MCQs are quick to mark and
relatively easy to setup, though writing
good MCQs is not so easy. It is important
that assessment be both reliable and valid,
as these attributes will provide consistent
results across comparable cohorts. Both
MCQs and true-false questions are
considered to be highly reliable when
they contain a sufficient number of valid
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questions (Palmer & Devitt, 2007). Good
MCQs are difficult to write and have been
found to be time consuming to construct
correctly. When conducted online they
are difficult to authenticate (McNamara &
Barnett, 2012). The MCQs often contain
item-writing flaws attributed to the lack
of training provided to educators (Tarrant
& Ware, 2008). One such flaw is cueing
(Fenderson, Damjanov, Robeson, Veloski,
& Rubin, 1997).
Two types of cueing are recognised:
positive cueing (correct answer directed
cue) and negative cueing (incorrect answer
directed cue) (Schuwirth, van der Vleuten,
& Donkers, 1996). Positive cueing is more
evident in difficult items, with easy items
more often displaying negative cueing.
Recognising cuing is just one of the
methodologies adopted by students in their
attempt to game play MCQ examinations
(McNamara & Barnett, 2012). Despite this
game play, it has been found that student
feel disempowered by MCQs and would
prefer to answer the questions in their own
words (Paxton, 2000). Some students find
the language used in MCQs confusing and
have difficulties distinguishing between
answers that are quite similar in meaning
(Paxton, 2000). Item-writing flaws tend to
benefit borderline students but disadvantage
others (Tarrant & Ware, 2008).
The increasing popularity of MCQs in
higher education may be due to ‘growing
numbers of students, reduced resources,
modularization
and
the
increased
availability of computer networks’
(Nicol, 2007, p. 53). This increase in

popularity is further facilitated by the
growth in ubiquitous technologies and the
corporatisation of universities. The fact
that MCQs are comparatively less time
consuming ‘to set, to answer, to correct,
to provide feedback and to administer’
contributes to their acceptance (Chan, Tam,
& Li, 2011). Marking is usually completed
electronically, making MCQ tests and
examinations preferable for subjects with
large cohorts. The problem with many
MCQs is that the only feedback they
provide to students is the correct answer.
This provides minimal assistance in helping
students to learn from their mistakes.
Additionally, single attempt MCQs provide
no opportunity for students to verify if they
have overcome their misunderstanding
and mastered the concept. Single or short
answer on-line quizzes also experience
similar problems. The MCQs have the
advantage of being easily incorporated into
e-Learning platforms.
The LMS enables various forms of
media and multimedia to be incorporated
into an online quiz. Providing video
solutions to MCQs engages students’
senses and enables them to more easily
comprehend the concept. It is envisaged
that this will also remove the ‘multipleguess’ problem associated with MCQs
as students will have the opportunity to
watch a video explaining the mathematical
concept, through a similar example,
when an incorrect answer is selected.
Just watching a video is not sufficient
for learning mathematics. It is important
that the feedback loop is completed and
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students require the opportunity to practice.
This can be achieved by enabling the
student to attempt a similar question after
watching the video. The student is then
able to reattempt questions to affirm their
understanding.
Equally important as completing the
feedback loop is ensuring that the feedback
facilitates this completion. Merely indicating
that an answer is correct is not very helpful
as it is unable to provide the feedback that
is valuable for learning (Paxton, 2000).
Discovering what is known and unknown
directs learning. While suitable feedback
on performance is beneficial for learning,
discovering what is unknown and being
provided with the resources to learn can lead
to increased confidence.
High levels of self-confidence and
self-efficacy lead to greater success
in undergraduate mathematics and
mathematics
assessment
(Goodwin,
Ostrom, & Scott, 2009). These findings are
more significant for women than for men.
Traditionally, males performed better than
females on multiple choice tests, though
this gap is closing (Liu & Wilson, 2009).
This may be due to better test preparation
and an increased willingness by females
to guess where they would have left a
question blank. Gender biases in multiple
choice questions may lay in what is tested
rather than how it is tested (Goodwin et
al., 2009). Performance in MCQs is also
related to the marking schemes adopted.
Researchers and educators are
undecided on the most appropriate method
for applying marks for MCQs. The
48

simplest marking form rewards correct
answers only. Some marking schemes
attempt to compensate for guessing (Scharf
& Baldwin, 2007). Negative marking for
incorrect answers is mainly adopted to
discourage guessing (Burton, 2005), but all
students are negatively affected by negative
marking (Bond et al., 2013). To overcome
this, a method of applying confidence
measurements to each MCQ answer was
developed (Farrell & Leung, 2004) and
also for the same reason, Elimination
testing, claimed to discriminate between
all possible knowledge levels (Bond et
al., 2013). Regardless of these attempts,
discouraging guessing is difficult and using
MCQs for formative assessment seems the
most appropriate.
When MCQs are used for formative
assessment and delivered online, students
are able to practise, receive feedback and
reflect on their learning (Wei & Johnes,
2005).
The Project and Preliminary Results
This research builds on previous research
investigating the use of videos to teach
mathematics to students and the resulting
changes in students’ confidence levels
(Adams et al., 2010; Adams, Elliott, &
Dekkers, 2011; Adams & Elliott, 2013;
Adams, Hayes, Dekkers, & Johnston,
2013; Adams, Dekkers, & Elliott, 2012,
2014; Adams & Porter, 2014). These
initial results were formulated with very
basic statistical applications and further
investigation is required.

Pertanika J. Soc. Sci. & Hum. 24 (S): 41 – 54 (2016)

Video Enhanced Multiple Choice Questions

This projects investigates optimising
the feedback provided by MCQs and the
learning capacity through the incorporation
of video feedback for incorrect answers.
Upon selecting an incorrect answer (Figure
2) the student may choose to watch a video

on a similar question or download a related
module (text chapter). The use of a similar
question for the video was to improve
students’ application and transference
skills.

Figure 2. Incorrect answer with video

The initial pilot of the video enhanced
multiple choice questions (VEMCQs)
project commenced in term 2, 2014, and
was a first-year introductory undergraduate
subject. The subject included some very
basic mathematics for Built Environment
students. There were initially 35 students
enrolled in the subject. Eleven students
dropped the subject before census date
(last day to withdraw without academic
or financial penalty) and a further two
students withdrew after this date; these
two students did not attempt the VEMCQ
test. Three of the students withdrawing
before census attempted the VEMCQ

test, one of these students withdrew from
the subject on the same day the test was
completed.
There was a total of 18 students who
attempted the test (not all attempts were
completed); 6 of these students attempted
the test multiple times. All of the students
attempting the test more than once
improved on subsequence attempts. The
first attempt could not be used to predict
the final test score as it was unknown what
action students took as a result of attempting
the test. The small number of students that
did complete the survey provided minimal
insight into some actions taken (Figure 3).
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Figure 3. Student comments

The survey consisted of seven
questions comprising multiple choice
questions, scaled questions and open-ended
responses. Only 5 students completed the
survey and they believed that the inclusion
of the VEMCQ test into the subject
assisted them with their understanding of
the assumed knowledge content and all
would like to see similar types of tests,
with video support, incorporated into
their other subjects. Figure 3 shows the
students’ comments. It can be seen from
the first comment that at least one student
used the test to highlight the gaps in his
or her knowledge and seek assistance (the
ALC provides individual mathematics
assistance).
Though the number of students in the
pilot study was small, valuable insight
into the setting up and implementation of
the project was gained. The study will be
repeated in subjects with larger cohorts
and the knowledge gained from the pilot
will be used to improve subsequent
implementations.
CONCLUSION
Building on research investigating the use
of videos to teach mathematics to distance
students and register changes in their
confidence levels, this project combines
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this with the ability of MCQs to give
immediate feedback. Videos have been
found to be a convenient and worthwhile
way to teach mathematics to distance
students. It was found that scaffolding
mathematics subject with both instructional
videos and personalised feedback increased
student confidence and reduced their fear
of mathematics.
Providing students with MCQ
diagnostic
testing
prior
to
the
commencement of a subject can assist
students in discovering any gaps they may
have in their assumed knowledge. While
conceptually the use of video feedback for
MCQs should assist students to highlight
and fill assumed knowledge gaps, data
collected have not been able to provide
insight into its effects. The pilot has
however, highlighted the need to improve
the survey instrument and increase
participant numbers to provide insight into
student experience.
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